Simple D = 4 supergravity is obtained from the gauge theory of the inhomogeneous orthosymplectic group IOSp(3, 1|4) on a (4, 4)-dimensional base supermanifold by imposing constraints and talking a limit. Both the constraints and the limiting procedure have a clear a priori physical motivation. The construction has similarities with the space-time formulation of Newtonian gravity.
The fact that general relativity is a theory of the dynamics of space-time geometry leads to the supposition that its supersymmetric version may also be a naturally geometrical theory, where the geometry involved is that of superspace. This does not appear to be the case, however. The analogue in superspace of general relativity, known as gauge supersymmetry [1] , is not supergravity, so one must consider a less "natural" superspace geometry. Nath and Arnowitt [2] obtained supergravity from gauge supersymmetry by contracting the tangent-space group OSp(3, 1|4) of the (4,4)-supermanifold to its SO(3,1) subgroup and taking a limit, while the standard Wess-Zumino formulation [3] requires the imposition of constraints on the torsion. A drawback of both these formalisms is that they have elements, viz the limiting procedure of the former and the constraints of the latter, that have no clear a priori physical motivation. We therefore seek a formulation that, while not being as naturally geometrical as gauge supersymmetry, derives from a simple, physically reasonable principle. Such a formulation is found by considering the relationship between the group natural to superspace, IOSp (3, 1|4) , and the group relevant to physics, the super Poincaré group.
Superspace is remarkable as a supermanifold in that its coordinates The reason for this is that the scale of the supersymmetry generators Q α , Qα is chosen to avoid introducing a physically irrelevant constant into the supersymmetry algebra [5] . It has the consequence that the canonical metric in flat Riemannian superspace [4] cannot have dimensionless components; for distance to be real with units of x µ the canonical metric is
where k is a real constant with
. The group of coordinate transformations that leaves (2) unchanged is IOSp(3, 1|4), having the infinitesimal form
where
with constant parameters Λ Λ Π and Ξ Λ . Gauge supersymmetry can now be constructed by gauging this group on superspace, in complete analogy to the manner [6, 7] in which general relativity is obtained by gauging the Poincaré group on space-time. The group relevant to supersymmetric physics, however, is the super Poincaré group, which gives the following infinitesimal transformation on superspace [5] :
The metric (2) is, of course, not invariant under a super Poincaré transformation; in the notation of (3) the "rotation" matrix in (4) is
and the latter is clearly not antisupersymmetric. We can construct an antisupersymmetric matrix from (6) by inserting additional elements; the least modification necessary to achieve this results in the transformation 
(7) Transformations of the form (7) do not constitute a group: they are a subset of IOSp(3, 1|4), not a subgroup. But note that the k → ∞ limit of (7) does give a group-the group of super Poincaré transformations (4).
These considerations suggest how supergravity may be related to IOSp(3, 1|4) gauge theory. The latter gives us super one-form gauge potentials A A BΛ and A E Λ (the latter chosen to be the vielbein 2 ) with values in the Lie algebra of IOSp(3, 1|4). Now we have seen how to obtain the infinitesimal super Poincaré group from infinitesimal IOSp(3, 1|4)-extract all elements of infinitesimal IOSp(3, 1|4) of the form (7) and take k → ∞-so we can perform a similar operation with the respective Lie algebras. In this manner the potentials A A BΛ and A E Λ are turned into super Poincaré-algebra-valued objects and it is at this point that one might expect to see some physics.
The gauge transformation equations for the IOSp(3, 1|4) potentials are
while the curvature two-forms are
The latter satisfy the following Bianchi identities:
where | denotes a covariant derivative with connection A A BΛ that acts only on vielbein indices.
In curved superspace the canonical metric (2) with coordinates (1) can only be introduced locally. The corresponding objects now are the vielbein and the vielbein components of the metric, which we choose in line with (1) and (2):
We choose the coordinates Z Λ to have dimension
so that the metric coordinate components
are dimensionless. Note that in flat superspace the frame E A may be taken as a coordinate frame and the simplest choice of vielbein (now a coordinate transformation) is then
In light of (14) we make the standard observation that by a partial choice of gauge we may fix 
Imposing (17) and (18) 
on the gauge transformation (8) of
A E Λ gives, in the limit k → ∞,
On the other hand, with the constraints (17) the only independent A A BΛ are now the 6 × 8 independent A m nΛ . In the limit k → ∞, (17) and (9) 
With (17) and k → ∞, the curvature (10) becomes
while the curvature (11) is given by 
The Bianchi identities (12) and (13) remain identities for these new curvatures. We identify the bosonic sector of superspace with space-time. Note that this is the largest sector of superspace for which a metric "survives" the k → ∞ limit: the matrix A E Λ does not have an inverse when k → ∞ since its body doesn't [4] (see (15)) but we retain a tetrad m E µ in space-time. We must then take account of the fact that physical fields show no dependence on the a-type coordinates. Accordingly, the fields 
Note from (19)- (22) that the transformation of the physical fields is determined solely by 
where D µ is the familiar space-time covariant derivative with connection Γ m nµ that acts only on tetrad and spinor indices. Eqns. (33)-(35) are the super Poincaré gauge transformations of supergravity [10, 7] . Using (29)- (30) in (23)- (28) 
where R m nµν is the space-time Riemann tensor. The Bianchi identities (12) and (13) 3 This is in contrast to the standard approach of gauge completion in which A E Λ has a complete expansion in the a-type coordinates and space-time is embedded in the bosonic sector [2, 9, 3] .
The field equations of the theory are to be constructed from the curvatures and must be on-shell (see below) covariant under the super Poincaré gauge transformations (33)-(35). Note that we would not obtain suitable field equations by the procedure of imposing our constraints and limit k → ∞ on the field equations of IOSp(3, 1|4) gauge theory: the latter can be obtained from an (on-shell) invariant action by varying independently the fields A E Λ and A A BΛ , but this is inconsistent with the constraints (though not with the limit k → ∞) so that this procedure would not result in super-Poincaré-covariant equations. The appropriate field equations are
where R nν = R 
As discussed in [7] and references therein, (41) and (42) are covariant under (33)-(35) when (40) is satisfied, i.e. when Γ m nµ is on-shell. The approach presented here has been not to view supergravity as a naturally supergeometrical theory, but to show by physically motivated reasoning how it is related to the natural geometry of a supermanifold. A comparable theory is Newtonian gravity, which also has a rather untidy geometrical formulation, in terms of space-time [11] . Indeed, Newtonian gravity in its space-time form can be derived from general relativity, formulated as Poincaré gauge theory, by a method analogous to that used here [12] . In place of (1) and (2) one has Minkowski coordinates with x 0 = t, not x 0 = ct, so that η 00 = −c 2 . Instead of (3) and (4) one has infinitesimal Poincaré and Galilean transformations; one obtains the latter from the former by taking the analogous limit c → ∞, but here no constraints are required. One then imposes a similar limiting procedure on the Lorentz gauge potential of Poincaré gauge theory. In curved space-time one takes a local frame with η 0 0 = −c 2 and coordinates with [x µ ] = −1; a 3-space metric, but not a space-time metric, is preserved when c → ∞ [11] . The crucial difference from our derivation of supergravity is the lack of constraints, which allows one to obtain a suitable Newtonian field equation by taking the c → ∞ limit of the Einstein field equation.
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